ABSTRACT:
The aims of this study were (i) to determine the seminal fluid parameters, levels of serum reproductive hormones, testicular size and diameter of seminiferous tubules depending on multiple testicular biopsies from non-obstructive azoospermic (NOA) patients, and (ii) to assess the effect of smoking on concentrations of serum reproductive hormones. Thirty four NOA patients were involved in the present study. The selection of patients was based on an average of 2 pelleting seminal analysis, reproductive hormones profile and diagnostic testicular biopsy. A detailed questionnaire was used to obtain a thorough history from the patients.
The results of this study showed that the mean age of NOA patients with Sertoli cell only syndrome (SCOS) was 33.875 years, and 47.05 % of NOA patients have had 2-4 years duration of infertility. Macroscopic examination of seminal fluid appeared to have normal values as reported by WHO. Non-significant (P>0.05) difference was observed for testicular size and diameter of seminiferous tubules between right and left testis. High and abnormal concentrations of serum FSH were registered for NOA patients with SCOS. However, non-significant (P>0.05) differences were reported for concentrations of serum reproductive hormones between smokers and non smokers. In conclusion, testicular biopsy is the useful and predictable diagnostic tool for NOA patients with SCOS. Further studies are needed to explain the etiology, management and prognosis of NOA patients with SCOS.
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Introduction
zoospermia defined as a complete absence of sperm in the ejaculate, is present in about 1% of all men (Marmar, 2001 ) and in about 10-15% of infertile men (Jarrow et al., 1989) . Azoospermia is one of the causes of male infertility factor that can be detected by seminal analysis (Hendin et al., 1998) . Non-obstructive azoospermia (NOA) is considered the major contributor to azoospermia, and may be classified into several categories based upon testicular histopathological changes including Sertoli cell only syndrome (SCOS) (Marmar, 2001) .
Sertoli cell-only syndrome (SCOS) (so-called germ cell aplasia) is a condition in which the sperm producing-cells are no longer present in the testicles. In complete germ cell aplasia, the tubules are reduced in diameter and contain only Sertoli cells but no other cells involved in spermatogenesis (Nistal et al., 1990; Anniballo et al., 2003) . SCOS also can be focal with a variable percentage of tubules containing germ cells (Sigman and Howards, 1998) .
The testicular biopsy is a useful adjunct in the male infertility evaluation because it can provide a more precise clinical diagnosis, and assist in treatment selection for several infertility disorders. Testicular biopsy is most useful in differentiation between obstructive and non-obstructive azoospermia (Turek et al., 1995) . Abnormalities of seminiferous tubule architecture and cellular composition can be assessed and categorized into several patterns that aid in therapeutic decision-making (Turek, 2000) . In addition, physical examination should note testicular size and consistency, secondary sex characteristics, including body habitus, hair distribution, gynecomastia, consistency of the epididymis, presence of a varicocele and masses on digital rectal examination. The initial hormonal evaluation should include measurement of serum testosterone and FSH levels (Sigman and Howard, 1998) . Therefore, the aims of this study were (i) to determine the seminal fluid parameters, levels of serum reproductive hormones (including FSH, LH, testosterone and prolactin), testicular size and diameter of seminiferous tubules (ST) depending on multiple testicular biopsies from non-obstructive azoospermic (NOA) patients, and (ii) to assess the effect of smoking on concentrations of serum reproductive hormones.
Subjects, materials and methods

Subjects
This study was carried out on non-obstructive azoospermic (NOA) patients who complained from primary infertility and attended the infertility clinic at Azadi general hospital, Kirkuk governorate. The total number of NOA patients involved in this study was 34. The study extended from October, 2004 to October, 2005 . Selection of azoospermic patients was based on diagnosis of azoospermia in which at least two standard semen samples were found to be devoid of sperm cells and the absence of spermatozoa. Azoospermia was confirmed by a study of the sediment after centrifugation of semen at 2500 rpm for 10 minutes (sperm pelleting) (Hendin et al., 1998) .
A
The time interval between the two consecutive semen samples was not less than 7 days and did not exceed three months (WHO, 1999) . The clinical data of NOA patients with SCOS are shown in Table 1 .
The criteria applied for patient selection were proper history taking, physical examination and reproductive hormones levels assessment. Each patient should have a report of histological examination of a diagnostic testicular biopsy. 
Laboratory tests
Seminal fluid collection and analysis
Semen samples were collected by masturbation after 3 to 5 days of abstinence into a dry, clean and sterile Petri dish labeled with the name and age of the patient, period of abstinence and the time of collection. The specimens were placed in the incubator at 37°C to allow the semen liquefaction (Silverberg and Turner, 2001 ). The specimen was examined in detail macroscopically and microscopically including semen liquefaction time, volume viscosity, pH and sperm concentration. Because of the fluctuation of semen parameters, each patient had at least two seminal fluid analyses. WHO criteria for normal semen values were applied (WHO, 1999).
Hormonal assay
A blood sample was drawn and collected in a clean, disposable plastic tube. Concentrations of serum FSH, LH, prolactin and total testosterone were measured using miniVIDAS apparatus (VIDAS 12, 1992, Biomerieux Company, France) , through an enzyme linked fluorescent assay (ELFA) technique.
Open diagnostic testicular biopsy
Procedure
The procedure applied for open diagnostic testicular biopsy was described by Qhraman (2006) . However, open diagnosed testicular biopsy was performed under general anesthesia. The testis should be held with the ventral testicular side facing the surgeon, the skin held tightly and the epididymis held between the left-hand index and the middle finger to fix the testicle and keep the epididymis away from the operation. After incising the skin, the dartos muscle was incised, the edges dissected away from the tunica vaginalis and separated with small retractors. A tiny incision was made in the tunica albugenia and a small piece of the protruded testicular tissue was taken with a fine pair of scissors and placed in Bouin's solution to preserve it. The cut edges of tunica albugenia were sutured with fine 2 or 3 zero chromic cat gut, leaving one side of the thread long to be held with artery forceps and used as a means of retraction as the first biopsy was taken from the middle zone.
After the three biopsies, the tunica vaginalis was sutured separately by cat gut in a way that prevented any possible bleeding which might lead to hematoma and infection. When the testes were small, only two or even one biopsy was taken. The samples were sent for histopathological examination.
Preparation the sections for histopathology
The method for the preparation of histological sections for histopathology was slightly modified from work done by Bancroft and Stevens (1982) , and mentioned by Qhraman (2006) in detail.
Histological assessment of spermatogenesis
Histological evaluation was done for the prepared specimens. Germ cell elements were quantitatively assessed. At least 15 transverse sections of seminiferous tubules were examined in each biopsy to see the size and proportion of tubules in the biopsy. The diameter of seminiferous tubules was measured using an ocular micrometer. The diameter of at least 12 sections of seminiferous tubules was measured for each slide.
The seminiferous tubules (ST) with or without germ cells were observed, number, type, distribution, localization; and morphology of germinal epithelium within the seminiferous tubules were observed. Sertoli cells, Leydig cells, degenerating cells, tubular diameter and thickness of tubular basement membrane, all were checked. The pattern of Sertoli cell-only syndrome, characterized by seminiferous tubules occupied by Sertoli cells only with absence of germ cells was recorded.
Statistical analysis
Computerized statistical analyses were performed using SPSS (Statistical Package of Social Science, version 12). Frequency distribution, percentage and mean ± standard error of the mean (SEM) for selected variables were calculated. Paired student t-test and one way ANOVA test were used to assess the statistical significance of the difference in the means of different groups. P value less than 0.05 was considered statistically significant (Sorlie, 1995) .
Results
Thirty four NOA patients with mean age 33.8 years, and duration of infertility (1 -13 years) were involved in the present study (Table 1) . From same table, 47 % of NOA patients with SCOS (NOA-SCOS) have 2-4 years duration of infertility while the lowest percentages (10.41%) were recorded for 5-6 years and 7-8 years durations of infertility. Macroscopic parameters of seminal fluid observed normal values (Table 1) . Varicocele and orchidopexy were the most common risk factors affecting NOA-SCOS (Figure 1 Non-significant (P>0.05) differences for testicular size and diameter of seminiferous tubules were reported between right and left testis of NOA-SCOS. The mean testicular size and diameter of seminiferous tubules were 3.143 cm and 118.756 µ ; respectively (Table 2) . Higher levels of serum FSH, LH and prolactin were observed in NOA-SCOS, and combined with low level of serum testosterone as compared to normal ranges of WHO report (Figure 2) , although, non-significant (P>0.05) differences for concentrations of serum FSH, LH, testosterone and prolactin were obtained between smokers and non smokers patients (Figure 3 Figure 3 . Mean serum levels of FSH (mIU/ml), LH (mIU/ml), testosterone (ng/ml) and prolactin (ng/ml) of NOA patients with SCOS divided according to smoking habit for a sample of 34 patients. (Data are means + SEM). * Non-significant (P>0.05) difference.
Discussion
Thirty four non-obstructive azoospermic patients (mean age: 33.87 years) complaining from SCOS (NOA-SCOS patients) were enrolled in this study. Medical and surgical history, seminal fluid parameters, reproductive hormonal profile and histopathological features of testicular biopsies were evaluated. In the present study, the highest percentage (47.05 %) of NOA-SCOS patients had 2-4 years duration of infertility. However, there was gradual reduction in the percentages of NOA-SCOS patients as duration of infertility progressed. Several explanations for this result may be relevant. The start of infertility treatment after one year of marriage causes accumulation of infertile patients throughout the first two years of treatment. While other causes reduce numbers of NOA-SCOS patients including increased years of infertility without fecundation and hope, then an increased psychological stress and financial cost. Furthermore, increase in age of NOA-SCOS patients combined with failure of medical management may also be relevant.
In relation to the risk factors associated with NOA-SCOS patients, varicocele has the higher frequency of those assessed. WHO (1992) found a non-significant difference in the occurrence of azoospermia among infertile males with or without varicocele. Tulloch (1995) considered varicocele as the most common identifiable cause of male subfertility. However, Pasqualotto et al., (2003) observed a common association between azoospermia and varicocele as a result of generalized impairment in sperm production.
The results of this study indicate that the mean testicular size (3.143 cm) for NOA-SCOS patients was within the lower limit of the normal range (McAnnich, 2000) . Since seminiferous tubules (STs) form the 80-85 % of the testicular mass (Heath and Young, 2000) reduced testicular size, in our study, may be attributed to seminiferous tubules (STs) that are either destroyed or empty of different spermatogenic cells. Sharif (2000) reported that the small testicular volume may suggest an impairment of STs especially if the small volume is associated with raised FSH concentration. A reduced bilateral testicular size associated with normal ejaculate volume and raised concentration of circulating FSH, is considered to be a reliable indicator of germinal epithelial damage and non-obstructive azoospermia (Battaglia et al., 2001) .
From testicular biopsies, the mean diameter of seminiferous tubules (STs) (118.756 + 3.79 µ m) revealed a significant reduction in diameter as compared to normal diameter of STs range (150-200 µ m) (Junqueira et al., 2003) . The diagnosis of SCOS is made when a single biopsy is histologically empty (except for Sertoli cells) while seminiferous tubules and no other pathological findings. Although there are many cases of non-obstructive azoospermia that have been classified as SCOS, 100% occurrence of SCOS is very rare indeed (Silber et al., 1995) . Sigman and Howards (1998) noticed that the diameter of STs is reduced and may show some thickening of the tubular basement, in addition to slightly elevated serum FSH (Leifke et al., 1997) . Many authors mentioned that the testicular histology in case of complete SCOS will show normal Leydig cells, no germ cells and narrow tubules (Behre and Bergmann, 2003) . A non-significant (P>0.05) difference was found in the diameter of STs between right and left sides. A similar result was reported by other researchers (Turek, 2000) .
Regarding the macroscopic results of seminal fluid parameters in the present study, normal means were obtained according to the criteria of WHO (1999) . Most seminal fluid is produced from male accessory glands which are affected by level of testosterone. In turn, macroscopic parameters of seminal fluid are highly affected by testosterone concentration (Martini, 2001) . In the present work, results of the hormonal profile indicated that low levels of serum testosterone are associated with elevation of serum LH. These results are correlated with results of macroscopic parameters of seminal fluid, indicating normal Leydig cell function (Behre and Bergmann, 2003) . Sigman and Howards (1998) mentioned that the Leydig cells are present, usually normal but on occasion are found to be reduced in size and number.
In the present study, investigation of the hormonal profile for NOA-SCOS patients showed elevation of serum gonadotropins and prolactin as compared to the normal criteria of WHO (1999) . Leifke et al. (1997) observed that infertile men with SCOS have highly elevated serum FSH relating to the degree of histological damage, and extremely low levels of inhibin B (Hu and Huang, 2002) . However, elevated serum FSH associated with normal or low serum testosterone is consistent with primary testicular failure (Hauser, 1995) . Marked elevation of serum FSH to greater than two times the upper limit of normal is diagnostic of abnormal spermatogenesis. Therefore, a diagnostic testicular biopsy is not necessary in patients with markedly elevated FSH (Jarrow et al., 2002 ). The mild elevation in level of serum prolactin observed in NOA-SCOS patients leads to reproductive dysfunction. Hyperprolactinemia causes low testosterone secretion and leads to disorder of spermatogenesis (Biller, 1999) . However, pre-testicular causes are endocrine abnormalities that adversely affect spermatogenesis that are relatively rare and account for 1 % of azoospermia (Jarrow et al., 1989) .
Non-significant (P>0.05) differences in hormonal profiles were observed between smokers and nonsmokers NOA-SCOS patients. Light to moderate cigarette smoking causes permanent and undetectable damage for functions of endocrine cells. However, the results of this study are similar to the results of some authors and contrast to others. Many studies have assessed the association between smoking and a variety of male reproductive hormone levels with some conflicting results (Istvan et al., 1995) . While it is likely that smoking alters male hormone levels, the relationships are not well characterized (Stillman et al., 1986) . Cigarette smoke contains several chemical agents, many of which are carcinogenic or mutagenic (Kunzle et al., 2003) . These agents affect the production and function of normal sperm by reduction in testosterone concentration in testicular tissue as a consequence of impaired Leydig cell function by direct effect of inhaled nicotine and carbon monoxide on testicular tissue (Zavos et al., 1999) .
In conclusion, the open testicular biopsy was found to be practical, informative and valuable diagnostic tool for NOA patients. More studies are needed to explain the etiology, management and prognosis of NOA patients with SCOS.
